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Two-step kinetic model development processes (1) Conceptual model
According to the "adsorption-reduction" mechanism of Cr(VI) retention by the black soil, a corresponding conceptual model was established, and the Cr(VI) retention processes can be divided into two steps: (1) Cr(VI) is adsorbed onto the surface of black soil particle by electrostatic attraction force; (2) the adsorbed Cr(VI) is sequentially reduced into Cr(III) by electron donors on soil particles, such as soil organic matters.
(2) Mathematical model
First step:
Cr(VI) adsorption from liquid phase onto solid phase, is mainly governed by the concentration difference between bulk solution and solid phase, which can be described by classical Fick first diffusion law.
Eq. S1
where, C t and C e respectively represent real-time and equilibrium Cr(VI) concentration in bulk solution. k 1 is the adsorption rate constant.
In traditional adsorption models, the concentration distribution ratio of Cr(VI) in the liquid and solid phase can be expressed as distribution coefficient K d , which is the function of temperature. As in this two-step kinetic model the adsorbed Cr(VI) can be further reduced, the C e is no longer a constant, which turns to be a function of Cr(VI) concentration on solid phase. The function is shown as follow.
Eq. S2
= where, q s represents Cr(VI) concentration in diffuse layer. Based on Eq. S2, the Eq. S1 can be corrected as follow.
In this step, the adsorbed Cr(VI) is reduced into Cr(III), which is a typical 2 chemical reaction process between Cr(VI) and electron donors on soil particles, and this reaction can be described by classical first-order kinetic model. Additionally, considering that the adsorption of Cr(VI) from bulk solution acts as a source of adsorbed Cr(VI), the reaction can be expressed as the following form.
Eq. S4
where, k 2 represents the reduction rate constant. The C t and q s represent Cr(VI) concentration in liquid and solid phase respectively, so they have different units, and thus a unit conversion is needed. V represents the volume of bulk solution, and m is the mass of the soil sample.
According to the conceptual model, Cr(VI) reduction on soil particle is the single source of the reduced Cr(III), and thus the reduced Cr(III) can be expressed as the following equation. 
